SIRT6 is a molecule of significant interest in the field of epigenetics. This review of the literature aimed to explore research hotspots and other bibliometric features of SIRT6 by applying several bibliometric analysis tools and by establishing a comprehensive scientometric analysis model of SIRT6.
Background
The field of epigenetics has experienced remarkable research attention in recent years and there have been major advances in elucidation of how histone modification can regulate gene expression. Proteins in the sirtuin family are highly conserved from bacteria to humans. These proteins play an important role in epigenetic regulation [1] and are class III histone deacetylases (HDACs) [2] . The sirtuin family has 7 homologs in mammals, proteins SIRT1-SIRT7. SIRT6 is mainly located in the nucleus, highly expressed in bones and ovaries, and shows almost no expression in marrow [3] . The human SIRT6 gene is located on chromosome 19p13.3. This region of the chromosome has been identified as a hotspot for mutation in many tumor diseases, according to data from the CGAP (Cancer Genome Anatomy Project) and NCI (National Cancer Institute) databases [4] . SIRT6 is a HDAC and a homolog of sir2, silent information regulator-2, which plays a key role in transcription silencing in Saccharomyces cerevisiae [5] . SIRT6 plays important roles in gene regulation, DNA damage repair, glucose metabolism, and tumor genesis [6] . SIRT6-deficient monkeys die several hours after birth and exhibit severe prenatal developmental delay [7] . Current methods to study the function of a specific protein mainly include cellular, molecular biological, and biochemical approaches, bioinformatic analysis, and omics analysis. However, very few researchers utilize systematic bibliometric analytical approaches to study a specific protein or gene. Recent studies indicate that SIRT6 affects a variety of biological processes. However, bibliometric analysis of SIRT6 has not been performed and could potentially provide additional insight into how this protein works in cells.
Many bibliometric analysis methods and tools have been developed to help researchers in different fields construct knowledge maps and evaluate the collective state of thought about a subject and identify hotspots in a research field. The 2 most common methods are co-word and co-citation analysis. Co-word analysis is an important bibliometric analysis method that helps researchers identify the hot topics and trends in a discipline [8] . In an article, if 2 words co-occur frequently, they may have a closer relationship than other pairs of words [8] . The citations in an article can provide important insight into what is currently known for a given topic. The most common method to acquire this information is by co-citation analysis: 2 papers that are both cited by a third article have a co-citation relationship. Statistical analysis of the strength of this relationship between articles can help researchers identify the intellectual base of the discipline, research frontiers, important authors, and other bibliometric information [9] [10] [11] .
Due to the abstract features of information in a text, visual analysis is often used in bibliometric studies, using visualization tools such as Citespace, Vosviewer, Bicomb, and BibExcel [9] [10] [11] .
These tools can be used to perform bibliometric analysis of a topic from a variety of perspectives, such as co-word analysis, co-citation analysis, and author and institute distribution analysis. For example, Lu et al. used Bicomb to analyze the hotspot distribution of topics in tumor immunotherapy by co-word analysis [12] . Chen et al. used Citespace to analyze the bibliometric characteristics of the regenerative medicine field and predict future research trends [13, 14] . In the life sciences, researchers may perform a bibliometric analysis of a single research topic or a specific disease. However, bibliometric analyses are not typically performed for the analysis of a single gene or protein. This study was the first to apply a variety of tools to comprehensively analyze the state of SIRT6 research, revealing the bibliometric features of the SIRT6 research topic from various perspectives. The results enabled clarification of the state of the field and current research hotspots for SIRT6, and identified important research and researchers in this field. This focus on SIRT6 enabled us to establish an effective model of single gene/protein bibliometric comprehensive analysis. This model can be applied to other single genes or proteins to identify achievement in the field and evaluate the publication record of research institutions to guide research strategies and funding decisions.
Material and Methods

Data collection
This study searched the Web of Science Core Collection (WoSCC) for relevant articles. We obtained articles about SIRT6 published from January 1, 2000 to April 28, 2018. The search identified 441 articles, and the titles, keywords, author information, abstracts, and references were downloaded and stored in TXT format.
Co-word analysis
Data extraction and matrix construction was performed using Bicomb software to extract the keywords from the set of SIRT6-related articles obtained from the WoSCC as described. Bicomb allowed extraction of high-frequency keywords, which generated a binary matrix of word-paper (Table 1 ) and a coword matrix (Table 2 ) based on high-frequency words. These 2 matrices were then used for double-cluster analysis and to build strategic coordinates [15] . Double-cluster analysis was performed using Gcluto. Gcluto is a matrix double-clustering visualization analysis toolkit [16] . We used Gcluto to doublecluster the binary matrix to summarize the hotspot categories. Additionally, we used Gcluto to build a mountain map and a heat map based on the results of the double-clustering analysis.
The strategic coordinate approach was first proposed by Law et al. [17] . It is a set of 2-dimensional coordinates with 4 quadrants, with an x-axis and a y-axis. This approach uses the co-word matrix to calculate the intra-class link averages and the inter-class link averages of each hotspot category (Table 3) . Next, the centrality X and the density Y are calculated, and used to establish the strategic coordinates. The greater the centrality X of a category, the greater its intensity of interaction with other categories. The greater the density Y of a category, the stronger its internal integration.
High-frequency keyword visualization was performed using the Foamtree online system to generate a word-cloud based on PubMed. Vosviewer (version 1.6.8), a computer program for bibliometric data visualization [18] , was used for high-frequency term and time fusion analyses and to create a keyword density map. 
Co-citation analysis
Citespace (version 5.2R2) software was used for co-citation analysis. Citespace is a bibliometric analysis visualization software developed by Chen [11, 19] . We imported the full dataset of 441 SIRT6 articles into Citespace and set the time slicing as "2008-2018". the years per slice was set as "1" and the 50 most highly cited papers were selected for each time slice. These selections were used to construct a co-citation literature network containing 254 nodes, where each node is a cited paper and the network "E" has a connection number of 915. After construction of the initial co-citation network, cluster analysis, citation burst detection, and timeline or time zone view were applied. Citation network analysis used CitNetExplorer is a literature citation relationship analysis tool that can sort the citation relationships of important articles in a domain in chronological order [20] . CitNetExplorer was used to construct a citation network. After importing the experimental dataset into CitNetExplorer, the top 50 most cited articles were selected for citation network construction. Discipline and journal analysis were performed using Vosviewer for journal co-citation density analysis and Citespace for journal dual-map overlay analysis.
Results
Co-word analysis
The overall work flow is shown in Figure 1A . The literature search identified 441 articles on SIRT6, and 799 keywords were extracted using the Bicomb software. After analysis and discussion, the top 30 most frequent words were selected as high-frequency keywords (Table 4) . Based on these high-frequency words, a binary matrix (Table 1 ) and a co-word matrix (Table 2) were constructed. We used the Foamtree online system to obtain the high weight retrieval result distribution to construct a hot topic word cloud for both the sirtuin family ( Figure 1B ) and SIRT6 ( Figure 1C ) in PubMed. At the same time, we used Vosviewer to generate a fusion view of the SIRT6 high frequency keywords over time and a high frequency keyword density view ( Figure 1D , 1E).
Gcluto was used to visualize the double clustering results for the binary matrix (Table 1) and then generate a mountain map ( Figure 2A ) and a heat map ( Figure 2B ). As shown in Figure 2A , each cluster was assigned a label of 0-7 and the height, volume, and the color of each peak indicated detailed information for each cluster. The volume of the mountain indicated the number of keywords in the cluster. The distance between peaks represented the similarity of the 2 clusters. The color of the peak represented the standard error of each cluster, with red representing a high value and blue representing a low value. In Figure 2B , each row represented a high frequency keyword and each column represented the corresponding article. The color of the cell reflected the frequency of occurrence, where the higher the frequency, the deeper the color. The double clustering parameters are shown in Table 5 . Based on the semantic connections between high-frequency words and the source articles of high-frequency words, we clustered the high-frequency words for SIRT6 into the following 8 hot topics.
Cluster 0: The effects of sirtuin family members on metabolism and aging. Next, we calculated the centrality and the density of each topic through the co-word matrix (Table 3 ) combined with the aforementioned 8 hot topics and then established strategic coordinates based on the data (Table 3 , Figure 2C ). In the strategic coordinates ( Figure 2C ), the x-axis represents centrality and the y-axis represents density. As shown in Figure 2C ,the strategic coordinates have 4 quadrants and the deeper the red, that is, moving toward the axis, the greater the centripetal nature and density, and the deeper the blue, that is, moving against the axis, the lower the value of these 2 parameters. In the strategic coordinates, the first quadrant represents a relative core and mature hot field, the second quadrant represents a peripheral mature domain, the third quadrant represents isolated and unpopular fields, and the fourth quadrant represents potential developing fields. Typically, analyses are most interested in new and exciting topics in the fourth quadrant [12] .
Co-citation analysis
The co-citation analysis assesses if articles are cited together and their corresponding frequencies and scales. If 2 articles are both cited as references in another article, then those 2 papers have a co-citation relationship [21] . Here, Citespace was used to build a co-citation network for SIRT6 research articles. The network of articles represents the intellectual basis of the field ( Figure 3A ). In the initial network ( Figure 3A) , we represent literature nodes in the form of an "annual ring map." The radius of a node corresponds to its frequency, where a larger radius corresponds to a higher local citation in 8360 the co-citation network. The annual ring for each node represents a different year, and the more citations for an article, the wider the annual ring. Citespace typically uses red and purple circles to represent nodes with special attributes [13] . A red circle indicates a burst of citations at a certain time. In addition, if the betweenness centrality of a node is greater than 0.1, meaning that the node has links with over 10% of the nodes in the whole network, then the node will have a purple circle [14, 22] . In the network, the links between nodes represent the co-citation relationship between the nodes, where the thickness of the link is proportional to the co-citation strength. The color of the line indicates the time period in which the co-citation first occurred. In the co-citation network for SIRT6 shown in Figure 3A [24] . The study by Kawahara et al. revealed that SIRT6 acts on chromatin and attenuates NF-kB signaling pathways to affect premature aging and normal aging [23] . The work by Kim et al. revealed that SIRT6 regulates hepatic glucose metabolism and lipid metabolism [24] . These 2 nodes have a high betweenness centrality in the network, indicating that these nodes may bridge different knowledge areas. In this initial network, nodes with radii significantly larger than that of other nodes are considered landmark nodes, articles with more significant influence for that Table 5 . Double cluster analysis results. area of research. In addition to the 2 pivotal nodes described above, ten other significant landmark nodes were identified and are listed in Table 6 . Of these, the landmark node corresponding to Zhong et al. (2010) [25] has the largest radius, indicated the highest frequency number in the co-citation network. The article corresponding to this node showed that SIRT6 regulates glucose homeostasis through HIF1a [25] . [27] .
2008-2018 End
Clustering analysis of SIRT6 co-citation network
The literature represented in the co-citation network was then organized into 8 different clusters, as shown in Figure 3B . The clusters are named by extracting nominal terms as tags from the titles of the cited articles. The LSI (latent semantic indexing) algorithm was used as the extraction method. As shown in Figure 3B , the co-citation literature network for SIRT6 was divided into 8 categories. By combining the tags and then studying the articles corresponding to each category of nodes and articles that cite these articles, the main intellectual structure and the current state of research in the SIRT6 research field can be determined [28] . In this way, we conclude that the current intellectual base of SIRT6 research is as follows.
Cluster 0 (chromatin localization): A study of the biological function and roles of SIRT6, including telomere chromatin, longevity (aging), DNA damage, and metabolic activities to regulate other biological processes. 
Citation burst detection
We used Citespace software to analyze the co-citation network and obtained the top 10 citation bursts, as shown in Figure 3C . The number of citations of these articles suddenly increased in a certain period of time after publication, indicating the rapid acceptance and dissemination in the field of the presented research results, making a significant contribution to the knowledge structure [13] . Examples of the topics of these articles showing bursts include the resistance of SIRT6 to DNA damage [26] , the nuclear ADP-ribosyltransferase of SIRT6 [29] , the subcellular localization and function of SIRT1-SIRT7 [30] , autophagy [31] , and inflammation regulation [32] . The highest citation burst strength for Mostoslavsky et al. (2006) [26] with the longest duration indicated its significant impact on the SIRT6 field. The articles with the 10 highest citation burst strengths are listed in Table 7 .
Timeline view and time zone view of SIRT6 co-citation network
A timeline view can help show changes in the research trends in a field with time. As shown in the timeline view presented in Figure 4A , nodes of a cluster share a horizontal line. The publication dates of articles are placed at the top of the view, with the most recent articles positioned closer to the right. The timeline view clearly shows the number of nodes in each cluster. The number of nodes in a cluster reflects the importance of that field, where a higher number of nodes correlates to higher importance. This view also allows visualization of the most important articles in a particular subfield, and shows the emergence, popularity, and decline of research topics. Additionally, this view shows the temporal characteristics of the research areas reflected by clustering. It can be seen from Figure 4A that the development of cluster 2 (DNA repair) occurs first, indicating that early studies of SIRT1 focused on DNA repair. Cluster 4 (poor prognosis) and cluster 5 (myocardial infarction) developed later, possibly because they reflect the further development of the early intellectual base (clusters 0, 1, and 2). 2000) is marked with a star mark in Figure 4B ; this article first identified human SIRT6 [32] . The node for Mostoslavsky et al. (2006) [26] is the earliest landmark node. After publication of this work, many additional landmark nodes emerged in the field.
Citation analysis
We next used CiteNetExplorer to construct a citation network view of SIRT6. We analyzed the development of the 50 most cited articles about SIRT6 ( Figure 5A) the nodes represent the citation relationships, and the cited articles are presented below the citing papers. To annotate the citation network shown in Figure 5B , each node was labeled with the first letter of the node name and the major topic of the article. The citation network allows readers to more easily visualize the development of SIRT6 research over time.
As shown in Figure 5 , the important nodes in the co-citation network are positioned closer to the core of the citation network and have more citation connections.
Discipline and journal analysis
Dual-mapping analysis (Dual-Map Overlay) was designed by Chen and Leydesdorff to reveal overall scientific contributions [34] . Dual-map overlays show the interactions of more than 10 000 journals. These journals are further divided into different areas so that the publications and citations of this domain can be depicted at the disciplinary level. In order to visualize a more comprehensive view of the citation state of 8367 SIRT6, we constructed a citation dual-map using Citespace's dual-map overlay function. As shown in Figure 6A , the left half side is the citing map, the right half side is the cited map, and the curve is the citation path connection line from the left side to the right side. This connection illustrates the flow of knowledge and connections in different areas of research. Figure 6B shows the density map of the co-citation journals, indicating the density distribution of journals that provide the intellectual base for SIRT6 research. The red indicates the greater density of a journal, and blue indicates a journal with lower density. From this figure, it can be seen that journals such as Cell, Nature, and Journal of Biological Chemistry are the most influential sources of knowledge in the field of SIRT6.
Discussion
This study explored the bibliometric characteristics of SIRT6 research by applying a variety of scientometric tools. We analyzed an epigenetic-related protein from a bibliometric perspective for the first time and extended the application range of bibliometric analysis. Through co-word analysis and co-citation analysis, we identified hotspots of SIRT6 research, its intellectual base, and analyzed its historical development. Importantly, this is the first bibliometric analysis model of a single gene or protein ( Figure 1A ).
Co-word analysis was performed to visually present hotspots of the SIRT6 research domain and to construct strategic coordinates. In the analysis of strategic coordinates ( Figure 2C ), research hotspots of SIRT6 were distributed in each quadrant. Category 0 (effects of sirtuin family members on metabolism and aging) was located in the first quadrant, had intense interaction with other clusters, and a high degree of internal integration. Cluster 1 (role of SIRT6 in cell proliferation and differentiation in neurological diseases, tumors, and aging) was located in the fourth quadrant, indicating a core but immature field. This quadrant is likely the most promising field. The effects of SIRT6 on neurological diseases have not received as much attention as the effects on tumors and aging, and this may indicate a potential promising hotspot [35] . Clusters 2, 3, and 4 were located in the second quadrant, indicating that these 3 categories are loosely connected to other categories, but had strong internal integrity. This indicated accumulated knowledge about SIRT6 in the fields of tumors, microRNAs, etc., but this knowledge was not fully linked to other clusters of SIRT6 studies. Clusters 5, 6, and 7 were in the third quadrant, indicating immature and peripheral fields. They were loosely connected with other clusters, and had low internal integration. This indicated that the topics corresponding to these 3 clusters were relatively isolated, and were difficult to link to other topics. From Figure 1B , SIRT1 and SIRT3 were found to have a higher weight in the sirtuin family, probably because they were found earlier so there were more related publications. As shown in Figure 1D , the SIRT6 keyword with the highest density was lifespan, suggesting SIRT6's potential role in affecting lifespan is the most important topic of SIRT6 research ( Figure 1D ).
Co-word analysis is a micro-analysis method to determine the research hotspots of a topic and intuitively display the findings. However, the citations of an article are also informative, as they indirectly reflect the important concepts of a particular topic. Co-citation analysis identified 8 main intellectual bases in SIRT6 research. We found that the sirtuin family is a research hotspot and also an important intellectual base in this field, which makes sense given that the study of a particular molecule is often influenced by research about its family members as they may share biological functions [36, 37] . The time zone view in Figure 4B combined with the citation burst detection in Figure 3C indicated that the work of Mostoslavsky 2006 [26] had the greatest impact on the field, with its largest citation burst strength, 25.8634. This article was also the earliest landmark node in the time zone view. Other significant animal model facilitates subsequent experiments, making it a pioneering study in a field.
The co-citation network ( Figure 4A ) revealed the importance of the articles from Kawahara (2009) and with more co-citation links than other published articles in the co-citation network of SIRT6. Therefore, these 2 articles may have pivotal roles in the process of knowledge inheritance and transmission. The Kawahara (2009) study revealed the mechanism of SIRT6 in cell senescence regulation and the role of NF-kB, a key transcription factor involved in multiple disease states [39] . developed an innovative animal model to explore SIRT6 effects in metabolism, using a variety of genes and tissue types [38] . In addition to innovative academic significance, the novelty and diversity of the research content may explain the importance of these works.
Analysis presented in Figure 1E and Figure 4B shows that in recent years, the focus of SIRT6 research has gradually shifted from aging to the field of cancer. This shift may be because many pathological processes associated with aging also contribute to tumorigenesis, as proteins that regulate longevity and aging may also act in tumorigenesis [40, 41] . From the time zone view, we see few significant nodes at the later end of the time zone. However, this is expected, because co-citation and citation analysis lack sensitivity to recent research without subsequent articles that can cite the work. In the dualmap overlay analysis ( Figure 6A ), we determined that SIRT6 is limited to the fields of medicine and biology, but little has been done related to other disciplines. Thus, cross-disciplinary research on SIRT6 may be a potential development opportunity for SIRT6.
Conclusions
Co-word analysis and co-citation analysis of articles about SIRT6 were performed using various scientometric tools to reveal the bibliometric characteristics of SIRT6 research. We found that the most important intellectual basis over the past decade for SIRT6 includes the regulation of chromatin, lifespan, DNA damage, and metabolism. Although most studies of SIRT6 have been isolated with little attempt to look at the combined research of SIRT6 to other disciplines, there have been promising trends to understand role of SIRT6 in neural diseases. The article by Motoslavsky (2006) served as a milestone for SIRT6 research and articles by Kawahara (2009) and served pivotal roles in the knowledge transmission of SIRT6 research. Future bibliometric analysis of members of the sirtuin family should explore the interactions between family members as well as the overall scientometric characteristics of the whole sirtuin family.
